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Abstract. Google Maps is an intuitive online-map service which changes 
people’s way of navigation on Geo-maps. People can explore the maps in a 
multi-layer fashion in order to avoid information overloading. This paper re-
ports an innovative approach to extend the “power” of Google Maps to adaptive 
learning. We have designed and implemented a navigator for multi-layer social 
knowledge maps, namely ProgressiveZoom, with Google Maps API. In our 
demonstration, the knowledge maps are built from the Interactive System De-
sign (ISD) course at the School of Information Science, University of Pitts-
burgh. Students can read the textbooks and reflect their individual and social 
learning progress in a context of pedagogical hierarchical structure. 
Keywords: Adaptive Learning, Multi-layer Social Knowledge Maps, Google 
Maps API, Treemap 
1 Introduction 
Google Maps is an intuitive online-map service [10]. It changes people’s life by pro-
viding navigation of GIS systems in a multi-layer fashion so people do not need to 
worry about information overloading. For example, when travelling from Minneapolis 
to Pittsburgh in the U.S., Google Maps shows you need to travel six states on the 
interstate highway system. As you travel, you can zoom in or out to different levels of 
detail depending on your local, city, state, or interstate traffic. A multi-layer zoomable 
interface of Google Maps provides remarkable navigation support flexibility: on each 
layer it shows most critical details that are required to make decisions on this layer of 
navigation. Is it possible to build such an intuitive navigation tool for learning? There 
is a certain need for a multi-layer navigation support in E-learning. When making 
decisions about our learning we do operate on several layers. For example, on the 
college education layer, students think about degrees and courses, paying little atten-
tion to the structures below the course level. On the course level, students think about 
course topics, book chapters, projects and other top-level course elements. Within a 
specific topic or chapter they consider sub-topics and activities and so forth. Can we 
build a so called “Google Learning Maps” that can provide a multi-layer support of 
student learning? 
However, multi-layer knowledge maps are not as easy to build as multi-layer geo-
graphic maps. The problem is that there are two conflicting approaches for knowledge 
organization, both being popular in knowledge modeling and personalized learning: 
cognitively-oriented concept based modeling [5] that treats a body of knowledge as a 
network of relatively fine-grain concepts, and pedagogically oriented topic based 
modeling [16] that represents knowledge as a taxonomy of relatively coarse-grain 
topics. What is the right approach to build multi-layer knowledge maps to bridge this 
two approaches? 
The good news is: the integrated hierarchical structure of a pedagogical model, a 
knowledge model and a student model is usually captured in the adaptive courseware 
environment as a web-based tutoring framework [17]. We hypothesize that it is possi-
ble to build multi-layer knowledge maps based on this integrated hierarchical struc-
ture. Furthermore, with the advancement of Web 3.0, it is promising to embrace the 
open social student model [11] so that students can benefit from both cognitive and 
social learning. In response to the demand above, we propose an innovative approach 
to build Multi-layer Social Knowledge Maps with Google Maps API. The Multi-layer 
Social Knowledge Maps is based on the integration of a pedagogical model, a know-
ledge model and an open social student model. It is important to provide navigation for 
students to interact with the learning resources in the Multi-layer Knowledge Maps, 
similar to how you can explore with the navigation on Google Maps. Furthermore, 
students need a sense of direction when they progress; otherwise, it is easy to get lost in 
the learning process. It is important for learners to reflect both individual and social 
learning progress, “similar” to what you can do with the GPS positioning system. 
In the next section, we provide a short literature review on the related work. The 
overall design of building multi-layer social maps is provided in section 3. In section 
4 we present the architecture. We demonstrate the interface component Progressive-
Zoom in section 5. Finally, we summarize this work and discuss the future research 
plan. 
2 Related Work 
Open student model is used to support meta-cognitive activities such as reflection, 
planning, and self-assessment by providing feedback with respect to students’ learning 
and knowledge [2]. Open social student model is provided for students’ benefit from 
both cognitive and social learning [11]. Social Visualization on student performance 
helps students get more engaged in learning activities and have better performance in 
self-assessment quizzes [8,11]. However, this visualization work is based upon a one 
layer knowledge map. 
Varied efforts were devoted to build knowledge maps which are more than one 
layer. In Knowledge See II [4], two-layer knowledge maps were developed based on 
the Self Organized Maps (SOM) to provide adaptive navigation support. In QuizMap 
[6], multi-layer knowledge maps were developed based on Treemaps to facilitate both 
open social student modeling and adaptive navigation support. But no Zoomable in-
terface is provided to address the information overloading issues, which is the main 
contribution of our approach. 
Our approach is mainly inspired by the intuitive visualization of an online mapping 
service, such as Google Maps [10], which provides incrementally more detail in the 
domain of GIS systems. In the domain of e-learning systems, a concept-map navigator 
is provided by KHAN Academy [7] based on Google Maps API. But it fails to provide 
a balance of local/global view, and students may easily get lost in their learning 
process. In the domain of bioinformatics, the Google Maps API is used to visualize 
multi-scale structures, e.g. Genome Projector, Protein Interactive Network, and Gene 
Co-expression [1,12-13]. 
3 Building Multi-layer Social Knowledge Maps 
As explained in the introduction, the corner-stone of multi-layer social knowledge 
maps is the integration of a pedagogical model, a knowledge model and an open stu-
dent model for adaptive learning systems.  
The pedagogical model provides the instructional practice, which is usually orga-
nized in a hierarchical layering structure, for example, lectures, topics and sub-topics. 
And it follows an instructional sequence, for example lecture 1, lecture 2, etc. The 
knowledge model structures concepts by establishing the relations between them. In 
this work, we structure concepts following the organization of the material from which 
they are extracted (pedagogical model) filtering the important or relevant concepts in 
each layer. As a result, key concepts are usually introduced from general to specific in 
the pedagogical model. The open user model keeps track of the students’ progress when 
they navigate through the multi-layer knowledge maps.  
 
Fig. 1. ProgressiveZoom interface. The navigation through the course hierarchy of topics (lec-
tures, topics, sub-topics) is performed using the semantic zooming paradigm: for example, by 
zooming in or out from the level of the lectures (shown in this figure), the next level of topics is 
shown and the information is displayed according to that. At each level, key concepts are pre-
sented to help students monitor progress. The feedback is presented in the form of multi-color 
and variable size bubbles. The size of the bubble represents the group popularity from less 
popular to more popular. Each instruction unit can be clicked, which leads to further leaning 
material and tools. See demo at http://adapt2.sis.pitt.edu/pz/test.jsp 
As shown in Fig.1, this integrated hierarchical structure is visualized with the 
Treemap layout [15]. The related learning materials, tools, and student’s learning 
progress can be captured as overlay along the hierarchical structures, filtered by these 
key concepts. 
Through the ProgressiveZoom interface (Fig. 1), students can zoom in or out in 
different levels of detail. We hypothesize that this approach will help students in-
crease the awareness and engagement in their learning process.  
Currently we focus on building the knowledge maps from one course, the Interac-
tive System Design (ISD) course at the School of Information Science, University of 
Pittsburgh. Nevertheless the multi-layer social knowledge maps can be extended to 
include other courses and disciplines/degree programs, similar to how Google Maps 
can include other countries and continents. This addresses the scalability and glob-
al/local view challenges in visualization. 
3.1 Pedagogical Model 
The structure of the course is organized in layers. From the top layer, the sequence of 
courses is defined in course layer (only one course is shown in our current implemen-
tation). The sequence of lectures is defined in the lecture layer. For the topic layer, 
more than one topic can be defined for each lecture. Each topic can be a book chapter 
or a section of a book chapter. The first three layers are manually defined by the in-
structor, which conforms to the pedagogical practices. 
 
Fig. 2. The Pedagogical Model 
The subsequent lower layers are automatically structured by analyzing the sections and 
subsections of the chapter or sections in the topic layer. Our current approach is to 
exploit the numbering of the chapter and section headings. For example, if the topic 
layer (third layer) has the heading "1 Introduction", then the next layer will be all 
headings from the same book starting with "1.1 ...", "1.2 ...” etc. Analogously, the 
documents in the fourth layer corresponding to the third layer item “1.1 ...” will be 
“1.1.1 …”, “1.1.2 ...”, “1.1.3 …”, etc. As shown in Fig. 2, the structure for each lecture 
forms a tree in which each node and its child nodes represent a document and the 
sub-heading documents respectively. 
3.2 Knowledge Model 
The knowledge unit is a concept. Key concepts are concepts that suit the “level of 
generality” of the corresponding layer in the pedagogical model. The relevant concepts 
are extracted automatically using Yahoo! Content Analysis API [20]. Then concepts 
are structured in layers of generality overlaying the pedagogical structure. The method 
performs recursively from the lowest layer to the highest in every node as follows: 
First, it aggregates all concepts from the child nodes and adds all concepts extracted 
from the document itself. In higher levels, there will be a considerable list of concepts! 
Secondly, it computes the “generality” measure of each concept by summing the 
term frequency of the concept in a node and all the generality of its child nodes (see 
Equation 1.) We consider generality as a combination of relevance of a concept in the 
node and its child nodes. This means that a concept will be general if it is relevant in 
the node and in all (or the majority) of its child nodes. Since we extracted concepts 
instead of terms, we consider the term frequency as a simple and reasonable measure 
of relevance.  
                 
   
    
Here gk,e is the generality of the concept k in the node e, tfk,e is the term frequency of 
k in the node of e, C is the set of all child nodes of e and gk,c is the generality of the 
concept k in the child node c.  
Currently, we select 3 concepts with the highest level of generality to display as 
key concepts for each node. 
Equation 1 seems to work fine for our first prototype. However, further evaluation 
and revision of the concept extraction and generality computation is needed and 
planned in the future work. 
3.3 Open Social Student Model 
The Open Social Student Model keeps track of the students’ individual and group 
progress by propagating the progress from higher to lower layers and by aggregating 
from the lower layer to higher layer along the pedagogical hierarchical structure. 
Currently, the student model is simplified to reflect the progress of the student in 
reading the documents of the course. In this approach, the individual progress of the 
student in one specific node is recursively calculated by aggregating the progress in its 
child nodes as specified in Equation 2. 
     
             
     
    
Here pu,e is the progress of the student u in the node e. The notation vu,e takes value 1 
if the student u has read at least once the documents in the node e; the value of 0 oth-
erwise. C represents the set of all direct child nodes of e.  The value pu,c is the progress 
of the student u in the child node c. 
In order to promote social learning, we also present the group progress along the 
pedagogical structure. Currently we use the aggregated popularity as a simple group 
progress indicator (see Equation 3.) 
       
               
     
    
Here popg,e is the popularity level of the node e for the group (class) g.  The value 
wg,e is the number of times the document in the node e has been visited. C is the set of all 
the direct child nodes of e.  The value popg,c is the popularity of the child node c. 
4 The Architecture 
As shown in Fig. 3, the architecture consists of three blocks. At the first block (left), we 
build the pedagogical model from the course syllabus and textbooks. Five textbooks for 
the course Interactive System Design are used. All the text information of these books 
have been extracted and stored in XML files. 
 Fig. 3. The Architecture  
Using the syllabus, we define the first higher 3 layers: course, lectures and topics. 
All topics are chapters or sections previously selected by the instructor from the text-
books. Lower layers (sub-topics, sub-subtopics) are built automatically and correspond 
to the sections and subsections of the book chapters or sections defined as topics in the 
topic layer.  
We use Yahoo! Content Analysis API to extract concepts from textbooks by input-
ting the content from the text books files (in XML format). Then we calculate the term 
frequency for every concept in every node (document) stored it in the database. 
At the second block (middle) we combine the knowledge model and the pedagogi-
cal model into an integrated layered structure that every node will show its top three 
concepts. The Course Structure Builder module is a Java class that reads the course 
definition from database, build the hierarchical structure by analyzing the documents, 
get the concepts and aggregate them through the structure and compute the concept 
generality. 
The Image Generator module uses the Prefuse Visualization Toolkit [19] for gene-
rating both images for the different layers and a coordinate XML file for further inte-
raction. Images are generated using a Squarified Tree Map algorithm [3]. Images are 
tiled (cut and layered) by using G-Language API [9]. The Progress Manager computes 
the aggregated individual and group progress, and updates the student model with the 
actions captured in the interface. The student model is stored in the CUMULATE User 
Model Infrastructure [18]. 
At the last block (right), we implement the Progressive Zoom interface (Fig. 1). We 
use Google Maps API and tiles images generated from the Treemap layout to build 
custom maps. Progress and popularity level indicators are shown as overlays to the base 
map. We also link the interface to a textbook reader, which has been implemented in 
KnowledgeSeaII [4].  
5 ProgressiveZoom: the navigator 
ProgressiveZoom (Fig. 1) provides an interactive visualization interface for students to 
interact with learning resources and to reflect individual and social learning status 
based on the multi-layer social knowledge maps.  
5.1 The Visual Coding 
We use the visual coding to attract students to the right attention. Bubbles of different 
colors and sizes (Fig. 4) represent the progress of the user and the popularity of the 
node respectively. Color represents progress from red (0%) to green (100%) in a seven 
step scale (each part represents 1/7 of 100% progress). 
 
Fig. 4. Individual progress with diverging color scheme and group popularity with different 
bubble sizes. It is intuitive to guide students to pay attention to bigger red bubbles. 
The size of the bubbles represents group popularity. Students can easily spot where 
the hot topics are according to the bubble size. As the Google Map API uses scales 
from the earth, the radius of a bubble is measured in kilometers (see Equation 4.) 
  
              
         
    
Where gp is the group popularity calculated as described in Equation 3 above. In the 
level of zoom 1, Null visits (null popularity) in a node is represented as a 300 km radius 
bubble. Each point in the level of popularity increases the bubble radius in 50 km. The 
value is divided by the level of zoom for keeping consistency of what sizes represents 
independently of how many pixels are assigned per length unit. 
5.2 Interactive Interface 
We follow the visual-information-seeking-mantra: “Overview, zoom, filter, then de-
tails on demand.” [14]. Specifically, Semantic Zooming is used to show different 
layers at different zoom levels. Overlay is also shown differently according to the 
layer of the zoom level. Details on demand are also implemented. The click event 
triggers an overlay balloon window containing data of the node. By clicking on the link 
that appears on the balloon, a textbook reader is loaded in a new browser window and 
the activity is recorded in the database. By pressing the refresh progress button, the new 
progress can be observed by a change of the color on the corresponding bubble. 
As a result, students can navigate through the course material without information 
overloading. For example, as shown in Fig. 1, when student-one first accesses the ISD 
course, his individual progress is in light red as an overview of the course. Then he 
zooms in to lecture level, and checks out the status of each lecture. Now he clicks on 
Lecture9 to diagnose the problem. He can see no progress is made in this lecture. He 
can continue to zoom into topics level and read the textbook through the reader. After 
he has worked on the material, the progress is aggregated and reflected on the higher 
lever, for example the lecture and course level. He can also compare with his peers by 
the bubble sizes, which gives him a hint how popular that learning unit is. 
6 Summary and Future Work 
In this paper we have presented an innovative approach to build multi-layer maps 
with Google Map API. In our demonstration, the knowledge maps are built from the 
Interactive System Design (ISD) course at the School of Information Science, Uni-
versity of Pittsburgh. It allows students to read the textbooks and reflect their indi-
vidual and social learning progress in a context of pedagogical hierarchical structure. 
For the future research we plan to improve the domain modeling and the interface 
design. From the modeling perspective, we want to evaluate the concepts extracted and 
to explore further mechanisms of information extraction. Also, a better track of the user 
progress and user knowledge model should be done by aggregating and propagating 
the level of progress among concepts. Concept generality calculation should be eva-
luated and revised further. From the interface perspective, we plan to provide explicitly 
support for self-guided learning through dynamic query, overviews and details on 
demand, and linked view. These tasks include Diagnose learning needs, Formulate 
learning goals, Identify learning resources, Select and implement learning strategies 
and Evaluate learning outcomes. Further user study is needed to evaluate how well 
this interface can support learning. 
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